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High-tech equipment and other capital goods require after sales services throughout their long life 
cycles. These services include maintenance, the service logistics required to perform maintenance, 
and further value adding services that improve the functioning of the equipment. My research 
focuses on the fast and efficient delivery of such services using new technologies and human 
decision-makers that function well in a data rich environment. 
 
After sales services are more and more performed by third party service providers and especially by 
the original equipment manufacturers (OEMs) that designed the equipment. There are many 
reasons for this, including the complexity of the equipment and the required services, the desire of 
users to focus on their primary processes, and the fact that margins on selling services are usually 
much higher than on selling equipment. Another reason is that the after sales services have to get 
more and more responsive, leading to lower downtime and increased availability. High availability is 
required by customers simply because capital goods are expensive. Additionally, since the 
availability of capital goods increases, customers invest less in buffers (i.e., additional capital goods 
or inventories of work in progress or finished goods), leading to a further increase in required 
availability. With the promises of Industry 4.0 and the internet-of-things, customers expect OEMs to 
predict failures and to be solving a problem upon its occurrence, or even before that. Huge amounts 
of data are available to base decisions on and there are many decisions to take. Consider as an 
example a global high-tech company. If it stores stocks of spare parts at various stock points around 
the world, then each of these stock points can act as a source for an emergency shipment. But then 
how many stock points are needed, and where should they be located? 3D printing a spare part may 
be an alternative as well, but if responsiveness is important, then 3D printing a spare part on 
demand may take too much time. This, however, may be less of an issue at very remote locations 
such as offshore platforms. Next to decisions on spare parts, also decisions on tooling need to be 
taken. And who should make these decisions: the system or the service engineer? Due to the 
enormous state space and decision space, techniques from artificial intelligence are essential, but 
can they take all decisions, or can human decision makers add value in certain decisions? These 
decisions are usually taken in a control tower, in which all data are combined to provide input to the 
human decision makers. However, for a company with customers worldwide, it is not realistic that 
there is only one control tower. There will be various control towers that have to interact fast and 
efficiently at different planning levels. 
 
All in all, this means that by 2030 OEMs will make use of all available technologies such as sensors 
that are connected via the Internet-of-Things, techniques from artificial intelligence to make 
accurate predictions based on sensor data, and 3D printing of spare parts close to the customers’ 
locations. In other words, we move to digitized after sales services. The decision making required for 
digitized after sales service in service control towers is the focus of my research. The question is how 
these new technologies need to be applied and how human decision makers are involved in the 
data-driven decision making processes, such that digitized after sales services get to the 
responsiveness levels that customers require. Specifically, I work on the following two research 
streams, that require different methodologies and have different potential outlets (although partly 
overlapping). 
 
The first stream that I work on is incorporating new technologies in the delivery of after sales 
services, in other words, the digitization of after sales services itself. New technologies include the 
internet-of-things, drone technology, blockchain, 3D printing, augmented reality, and technologies 



of which the impact on after sales services cannot be foreseen now. In my work to date, I have 
focused on the internet-of-things and 3D printing. The work on the internet-of-things and predictive 
maintenance has led to implementations at Canon Production Printing, for example. I have worked 
on maintenance optimization for single-component and multi-component systems, and I am working 
now specifically on systems for which not all information is available, due to a lack of sensors or their 
imperfect data delivery. On the topic of 3D printing I have been, and I still am, among the first to 
develop new models and get interesting insights into the future of after sales services. For example, 
we have shown how 3D printing can drastically improve spare parts inventory control when used in 
remote locations such as mission areas of the Royal Netherlands Army (RNLA). Due to the 
collaboration with the RNLA and industrial partners, our models have high practical value. Future 
plans in this research stream include getting research on 3D printing closer to implementation, 
incorporating 3D printing in remanufacturing, and investigating the possibilities in improving after 
sales service of the additional new technologies mentioned above. Research in this stream requires 
mathematical modelling and analysis. Its results are typically published in operations management 
journals, including MS, MSOM, POM, and EJOR, and in engineering journals such as IISE Transactions 
and RESS. 
 
The second stream of my research is on the interaction between data-driven decision support 
systems and human decision makers. In other words, what role do human actors have in optimizing 
digitized after sales services. In operations management and operations research, many useful 
models and algorithms are developed that, hopefully, end up in decision support systems (DSS). If 
such a DSS is used in an organization, e.g., in a service control tower, there is typically a human 
decision maker who makes the final decision and can overrule the suggestions from the DSS. In this 
stream of research, I aim to improve the joint way of working of the human decision maker with the 
DSS: the DSS should be used when possible, while the human decision maker should add value 
where (s)he can. Since nowadays decision making is more and more autonomously done by a DSS 
using techniques from artificial intelligence, the question is where and how human decision makers 
should be involved. At least, the DSS should be designed such that the human decision maker 
understands the reasoning behind the suggestions of the DSS. We have already explored these ideas 
in the area of sales forecasting, and currently and in the future we will focus more on after sales 
services. This second research stream combines operations research with empirical research and 
applied psychology, resulting in the established field of behavioral operations management. Within 
this field though, research on the interaction between DSS and human decision makers is still 
underdeveloped, which is an opportunity. This research can typically be published in operations 
management journals, including MS, MSOM, JOM, POM, and IJOPM. 
 
With the two streams of research, I contribute to the development of service control towers and 
digitized after sales services in practice, leading to research outcomes that have industrial impact. At 
the same time, there are plenty of opportunities to publish the resulting models and findings in 
journals, including the top journals. 


